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T
h
i
s
 res
e
a
r
c
h
, f
u
n
d
ed by
 t
h
e E
n
g
i
n
eeri
n
g
 &  
Physic
al Sc
i
e
nce
s 
Re
se
arch Co
u
ncil 
(E
PSR
C
)
,
 
was c
a
r
r
ie
d o
u
t by
 
A
t
h
i
n
a
-
N
icola
ide
s
 B
a
st
i
e
n
, 
S
e
n
i
or Res
e
a
r
c
h
 F
e
ll
ow
, a
n
d s
u
p
e
rv
is
ed by
 
Paul 
A.B. R
o
b
e
rts
, Prin
c
i
pa
l
 F
e
ll
ow
, 
w
i
th
in
 t
h
e  
E
n
g
i
n
eeri
n
g
 
D
o
c
t
ora
t
e (E
n
g
.D
.)
 p
r
og
ra
m
m
e a
t
 
the
 W
a
r
w
ick Manuf
a
c
t
u
r
i
n
g
 
G
r
oup
,
 Unive
r
sity
 o
f
 
Warw
ick.
 
 
The
 inve
s
t
igatio
n se
t o
u
t to
 ide
n
tify
 a
n
d s
h
are
 
with pra
c
tit
i
on
e
r
s
,
 hu
ma
n
 a
n
d
 
or
g
a
n
i
sation
a
l
 
f
a
c
t
ors
 an
d
 g
ood
 p
r
a
c
ti
c
e
s
 th
at w
o
u
l
d
 h
e
l
p
 t
o
 
imp
r
o
v
e
 UK co
nst
r
uc
t
i
o
n
.
 An i
n
no
vati
v
e
  
ap
pr
o
a
ch,
 usi
n
g the
 Mi
nd-
m
ap
p
i
ng te
chniq
u
e
,
 
w
a
s de
ve
lo
p
e
d and le
d away fr
o
m
 a  
p
r
e
s
crip
ti
ve mo
de
l to
wards
 an inte
rac
t
ive
,
 
C
D
-
R
OM b
a
se
d f
r
a
m
e
w
o
r
k t
h
at
 e
n
abl
e
s p
r
ac-
t
i
t
i
on
ers
 t
o
 d
e
l
v
e i
n
to
 k
n
ow
l
e
d
g
e on
 g
ood
 pra
c
-
ti
c
e
 as  
imp
l
e
m
ente
d by
 
in
dustri
a
l
ists 
an
d advo
c
a
te
d by
 
ac
ade
m
ic
s.
 
 
T
h
e res
e
a
r
c
h
 em
pl
oy
ed t
h
e qu
a
l
i
t
a
t
i
v
e m
e
t
h
od-
ol
og
ies
 of
 c
a
s
e
 s
t
u
d
y
 an
d
 ev
a
l
u
a
t
i
on
, w
i
th
in
 a
  
ph
en
om
en
olog
i
c
a
l
 res
e
a
r
c
h
 f
r
a
m
e
w
ork
.
 In
i
t
i
a
l
l
y
,
 
t
h
e res
u
l
t
s
 of
 a
n
 in
-dep
t
h
 lit
e
ra
ture review 
p
o
inte
d o
u
t to
 a l
a
c
k
 o
f
 t
e
a
m
 cultur
e
 and  
col
l
abo
r
ati
o
n
 i
n
 co
nstru
c
t
i
o
n
 p
r
o
j
e
c
ts and fail
u
r
e
 
o
f
 t
h
e
 f
r
agm
e
nte
d
 UK constr
uc
tio
n
 indust
ry t
o
 
r
e
co
gnise
 pe
o
p
le
 as an asse
t,
 
ge
ne
r
a
te
 p
r
o
f
i
t
s 
o
r
 de
live
r
 hi
g
h
 c
u
sto
m
e
r
 s
e
r
v
i
c
e
.
  
T
h
e C
o
n
s
t
r
u
c
t
i
on
 Tas
k
 Forc
e c
o
m
m
i
s
s
i
on
e
d
 by
 
the
 Go
v
e
rnme
nt in 19
98 co
n
f
ir
me
d the
s
e find-
ing
s
 a
n
d
 su
g
g
e
ste
d
 th
a
t
 indu
st
ry an
d cli
e
n
t
s
  
col
l
ab
o
r
ate
 t
o
 r
e
ver
s
e
 t
h
e
m
 b
y
 ap
p
l
yi
n
g
 b
e
st
 
pra
c
ti
c
e
. T
h
e T
a
s
k
 Forc
e i
d
en
t
i
f
i
ed k
e
y
 d
r
i
v
ers
 
f
o
r
 c
h
an
ge
 and sp
e
c
i
f
i
e
d i
m
p
r
o
v
e
m
ent
 ar
e
a
s.
  
In
teres
t
i
n
g
l
y
,
 i
t
 em
erg
e
d
 th
a
t
 l
e
s
s
o
n
s
 f
r
om
  
c
o
n
s
tru
c
ti
on
 a
n
d
 oth
e
r p
r
ojec
ts
 were n
o
t
 w
i
d
e
ly
 
or a
d
equ
a
t
e
l
y
 d
i
s
s
em
i
n
a
t
ed am
on
gs
t
  
c
o
n
s
tru
c
ti
on
 prof
es
s
i
on
a
l
s
 an
d
 t
h
e res
u
lt
a
n
t
  
i
n
fo
rm
atio
n o
n
 e
x
isti
n
g
 be
s
t
 pr
ac
tice
 was
 
n
o
t 
fully u
t
il
i
s
e
d
.
 
 
In
i
t
i
a
ll
y
,
 a
 det
a
il
ed c
a
s
e
 s
t
u
d
y
 
o
f
 th
e Hea
t
h
r
ow
  
Ex
pres
s
 (H
EX) ra
i
l
wa
y
 c
o
n
s
t
r
u
c
t
i
on
 proje
c
t,
  
in
c
o
rpora
t
in
g
 i
n
-dept
h
 i
n
t
e
rv
iew
s
 w
i
th
 th
e m
a
in
 
proje
c
t p
a
rti
c
i
p
a
n
t
s
 f
r
om
 th
e c
o
re 
org
a
n
i
s
a
ti
on
s
 
in
v
o
lv
ed w
i
t
h
 t
h
e proj
ec
t
,
 rev
e
a
l
ed h
u
ma
n
 a
n
d  
o
r
g
a
ni
sa
t
i
o
n
al
 f
a
ct
o
r
s t
h
at
 l
e
d
 to
 s
u
cce
s
s.
 
 
T
h
e
 r
e
se
ar
ch addr
e
ssed t
h
e p
e
rce
i
ve
d lack o
f
  
c
o
n
s
oli
d
a
t
ed
 k
n
ow
l
e
d
g
e s
t
e
m
m
i
ng
 f
r
om
 th
e  
l
e
s
s
o
n
s
 l
e
arn
t
 wi
thin the
 indu
s
t
ry
.
 Ho
we
ve
r,
 it 
s
t
eered bey
o
n
d
 a
n
d a
w
a
y
 f
r
o
m
 t
h
e n
o
t
i
on
 of
 
best
 
p
r
a
c
t
i
ce

.
 A
c
co
r
d
i
n
g
 t
o
 t
h
e
 
co
n
t
i
n
g
e
n
c
y a
n
d
  
no
n-
p
r
e
s
cri
p
t
i
ve
 ap
pr
oach f
o
l
l
o
w
e
d
 by Dr 
Basti
e
n
,
 
it w
a
s
 re
co
g
n
ise
d
 th
at
 bringing
 
g
ood
 
pra
c
t
i
c
e
 to t
h
e a
t
ten
t
ion
 of
 pr
a
c
tit
i
on
ers wou
l
d
 
e
nco
u
r
a
g
e
 tho
s
e
 indu
str
i
alist
s
 alr
e
ady  
in
terest
ed in
 im
prove
m
en
t
 a
n
d
 c
h
a
n
g
e
, to ta
k
e
 
the 
initi
a
tive
 and p
e
r
f
o
r
m in a mo
re
 e
f
fe
c
t
ive
 
ma
nn
e
r
 to
 sa
tisfy the
i
r cus
t
o
m
e
r
s.
 
 
O
v
era
l
l, ex
p
e
ri
en
c
e
 a
n
d l
i
tera
t
u
re s
u
g
g
e
s
t
ed tha
t
 
a
pprec
i
a
t
i
on
 of
 c
o
m
p
l
e
x
 s
i
tu
a
t
i
o
n
s
 
a
n
d
 i
n
f
o
r
m
ed
 
decision-m
a
k
ing ra
rely oc
cur t
h
roug
h a
pplica
t
io
n 
of
 pres
c
r
ip
ti
v
e
 or
 bes
t
 pra
c
t
i
c
e
 
m
o
d
e
ls
. Ra
th
er, 
org
a
n
i
s
a
ti
on
s
 dev
e
l
o
p by
 a
ppl
y
i
n
g
 p
r
a
c
ti
c
e
s
  
co
ntin
ge
nt
 to
 t
h
e
i
r p
a
r
t
icular sit
u
at
io
n.
 The
r
e
-
fo
r
e
,
 u
s
i
n
g th
e
 H
E
X
 cas
e
 st
ud
y 
fi
nd
i
n
gs
 a
n
d
 t
h
e
 
results
 from
 f
u
rt
h
e
r in-d
epth
 st
udy
 of t
h
e lit
e
ra
-
tu
re, a
 d
e
s
c
ri
pt
iv
e
 
f
r
a
m
ew
ork
 of
 g
ood
 pra
c
t
i
c
e
, 
en
t
i
t
l
ed
 CO
N
S
TR
U
C
T
©
, wa
s
 c
r
ea
t
e
d, f
o
c
u
s
i
ng
 on
 
f
o
u
r
 d
o
m
a
i
n
s
 of
 kn
owl
e
d
g
e: 
 x 
buil
ding a si
ngle
 t
e
a
m
 
 x 
e
s
t
a
bl
ishi
n
g
 tr
ust 
 x 
m
a
nagi
ng p
r
o
c
ure
m
e
n
t
 a
n
d co
n
t
rac
t
ua
l
 
 rela
t
i
on
s, 
a
n
d 
 x 
invol
v
ing
 th
e
 sup
p
l
y
 c
h
ai
n 
 
Hen
c
e, CO
N
S
TR
U
C
T
©
 i
s
 propo
s
e
d
 a
s
 a
  
c
o
n
t
rib
u
ti
on
 t
o
 th
e s
o
u
g
h
t
 im
pr
ov
em
en
t of
 U
K
  
co
ns
tru
c
tio
n
 indu
str
y
 thro
ug
h the
 ap
p
l
icati
o
n
 o
f
 
g
ood
 pra
c
t
i
c
e
. It w
i
ll
 h
e
l
p
 dev
e
l
o
p c
o
n
s
t
r
u
c
t
i
on
  
prof
es
s
i
on
a
l
s

 a
w
a
r
en
es
s
 of
 prov
en
 in
terv
en
-
ti
on
s
 
t
h
ereby
 i
n
f
o
rm
ing
 t
h
ei
r proj
ec
t d
e
c
i
s
i
on
s
.
  
 
T
h
e
 co
nte
n
t and co
n
t
e
x
t o
f
 CO
NSTR
U
C
T
©
 we
re
 
e
v
aluate
d b
y
 2
0
 c
o
nstr
uctio
n
 a
n
d 
ot
he
r
 se
cto
r
 
pra
c
t
i
t
i
on
ers
 s
e
lec
t
ed f
o
r th
e
i
r 
ex
pert
 o
p
in
ion
.
 A
l
l
 
t
h
e 
ex
pe
rt
s a
g
re
e
d
 o
n
 t
h
e
 app
l
icabi
l
it
y
 o
f
  
CO
N
S
TR
U
C
T©
 to pr
ojec
t org
a
n
i
sa
t
i
on
s a
n
d
 their 
majo
ri
ty
 fo
u
n
d t
h
e
 fra
m
ew
o
r
k t
o
 be
 use
f
ul,
  
(
C
on
tinued on
 
fa
cin
g
 pag
e
)
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i
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t
h
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U
K
 
C
o
n
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t
r
u
c
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i
o
n
 
I
n
d
u
s
t
r
y
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T
h
e
 
C
O
N
S
T
R
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C
T
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F
r
a
m
e
w
o
r
k
 
 
o
f
 
G
o
o
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P
r
a
c
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c
e

 
 
 
b
y
 
A
t
h
i
n
a
-
N
i
c
o
l
a
i
d
e
s
 
B
A
S
T
I
E
N
 
U
n
i
v
e
r
s
i
t
y
 
o
f
 
W
a
r
w
i
c
k
 
Su
cce
ss
ful
 org
a
nisa
tio
n
al
 h
u
m
a
n
 
prac
tic
e
s
.
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